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Summary 
In this paper we analyze again a transition from the classical to quantum description of bound 
charged particles, which involves a substantial modification of the structure of their electromag-
netic (EM) fields related to the well-known fact that bound micro-particles do not radiate in sta-
tionary energy states. We show that a simple exclusion of the radiative component of EM field 
produced by bound particles leads to a violation of the energy-momentum conservation law, if 
the non-radiative EM field is left unmodified. In order to restore the energy-momentum conser-
vation, we make a closer look at the interaction of two hypothetical classical charges with the 
prohibited radiation component of their EM field and bring the appropriate modifications in the 
structure of their bound EM field and, accordingly, in the Hamilton function of this system. In 
comparison with the common Hamilton function for the one-body problem, the electric interac-
tion energy is multiplied by the Lorentz factor of orbiting charged particle, and its rest mass m is 
replaced by an effective rest mass parameter, which includes the interaction EM energy. We in-
troduce, as a novel postulate, these replacements into the Dirac equation for the bound electron 
and show that the solution of the modified Dirac-Coulomb equation gives the same gross and 
fine structure of energy levels, as the one furnished by the conventional approach, for hydro-
genlike atoms. The correction to spin-spin splitting of 1S state of hydrogen and heavier atoms is 
much smaller than nuclear structure contribution and can be ignored. However, as discussed in 
the part 2 of this paper, our approach does induce corrections to the energy levels at the scale of 
hyperfine interactions, which at once remove a number of long-standing discrepancies between 
theory and experiment in the atomic physics. 
 
 
1. - Introduction 
 
As a starting point of our analysis, we remind the well-known classical consent that any acceler-
ated charge must radiate, and, in particular, both bound (velocity-dependent) and radiating (ac-
celeration-dependent) EM field components do participate in securing the total momentum con-
servation law for an isolated system “light charge orbiting around heavy charge”. In fact, the 
non-existence of the radiative field component for bound micro-particles (one of Bohr’s postu-
lates) historically was the first step to the creation of quantum mechanics. Later, with the devel-
opment of mathematical apparatus of quantum mechanics and its physical interpretation, it was 
recognized that the non-applicability of Maxwell equations to a micro-particle looks quite logi-
cal, because for such a particle, we even cannot determine the spatial coordinates, velocity and 
acceleration in the classical meaning. Nonetheless, up to date the usual classical charges with the 
Maxwellian EM field (representing a composition of non-radiative and free components) are 
considered as the immediate precursors of bound micro-particles, and a qualitative difference of 
their EM fields remains unaccounted. A usual way implies that we simply cut off the radiation 
field component for two interacting charges, but at the same time, no changes are introduced in 
the Hamilton function and corresponding Hamiltonian of the system. However, the energy-
momentum conservation law is not fulfilled for interacting hypothetical classical charges, which 
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produce the non-radiative (bound) EM field only, and thus it seems questionable to leave the 
Hamilton function of these charges and its quantum counterpart non-modified. 
Below we suggest a classical prototype of a system of two bound charges, where the en-
ergy-momentum conservation is restored. To accomplish this, we develop a sketch of pure bound 
field classical electrodynamics (CED), applying a methodological trick as follows. Let us con-
sider classical charged particles, which compose a bound system due to Coulomb interaction, 
and assume that a motion of these particles can be described in a classical way, but at the same 
time, a radiation of this system is prohibited. Of course, the Maxwell equations are no longer ap-
plicable to this system, and the theory, describing such classical non-radiative charges, is only 
approximately applicable to real classical phenomena. Nonetheless, the simple rules obtained 
within such a theory to restore the energy-conservation law in the absence of radiative EM field, 
occur useful in formulation of an appropriately modified Dirac equation for the case, where the 
total energy of electron is less than its rest energy (bound state), and in further deducing of a 
modified Hamiltonians for the description of real quantum particles in a bound state, which do 
not generate EM radiation (section 2). 
As expected, the motional equation for charges in pure bound field CED coincides with 
the corresponding motional equation for the usual classical charges in the non-relativistic limit, 
but at the same time, contains some corrections to the accuracy c-2, where c being the light veloc-
ity in vacuum. Introducing these corrections into the Dirac equation for bound electron and de-
ducing the corresponding Hamiltonian, we find that the solution of the modified Dirac-Coulomb 
equation gives the same gross and fine structure of energy levels for hydrogenlike atoms, like in 
the conventional approach (sections 3). In section 4 we analyze quantum two-body problem on 
the basis of modified Breit equation without external field and show that such an equation yields 
the same expression for the Dirac-recoil contribution to the atomic energy levels, like in the 
common approach, to the order (Zα)4, where α is the fine structure constant. In addition, we 
show that spin-spin hyperfine interaction for hydrogen and heavier atoms remains practically 
unchanged within the approach we developed (section 5). Finally, section 6 contains a discus-
sion. 
 
2. - Pure bound field CED: force law, field equations and motional equation for one-body 
problem 
 
It is known that the Lagrangian for the system of interacting classical charges represents the sum 
of three components: matter part, field part and interaction part (see, e.g. [1]). It is essential that 
EM field entering into the Lagrangian includes the bound and free components, and only their 
sum obeys the Maxwell equations. The same structure of EM field is implied in the conservation 
laws for the isolated system “source charges plus their EM fields”. Hence any attempt to modify 
the fields without other appropriate changes in the structure of the theory inevitably leads to vio-
lation of the conservation laws. 
Our nearest goal is to determine the appropriate modifications in the structure of classical 
electrodynamics, where the EM radiation is prohibited but, at the same time, the energy-
momentum conservation law is restored. For our immediate purpose (derivation of new Hamil-
tonian for quantum non-radiating particles in a physically reasonable way, based on correspond-
ing classical Hamilton function in pure bound field CED), there is no need to develop this pure 
bound field theory in all details. Usually in the construction of Hamilton function, it is sufficient 
to determine the momenta of particles and fields, as well as the interaction energy, which in its 
turn requires that we know the force law applied to the particles. The constraints in question de-
fine the nearest tasks to our research: to determine the force law, to postulate the field equations 
and to derive the energy balance equation in a pure bound field CED. The implementation of 
these tasks leads us to the solution of the one-body and two-body problems for the bound charge, 
orbiting without radiation losses around an infinitely heavy charge. 
 
 3 
2’1. Force law in pure bound field CED. - Due to axiomatic nature of any basic force law, it 
cannot be deduced in a general way. In this sub-section we consider a particular physical prob-
lem, which will help us to postulate the appropriate force law in pure bound CED. 
It is well known that the EM field of a classical charged particle is given by the Lienard-
Wiechert solution of Maxwell equations, where the field represents the sum of two components: 
velocity-dependent (bound field) and acceleration-dependent (radiative field). To the accuracy  
c
-2
, the electric field has the form [1] 
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in the present-time coordinates. Herein v is the velocity, a – the acceleration of a charge and 
cv = . The physical meaning of the first and second terms in the rhs of eq. (1) (bound and free 
electric field, correspondingly) has been discussed in numerous books and papers (e.g., [1-5]). In 
particular, it is emphasized that, in general, only the sum of both components represents a solu-
tion of Maxwell equations. As a particular demonstration of this general assertion we consider 
the problem in Fig. 1, which will be useful in further analysis, too. 
Within the framework in question, there is an electrically neutral magnetic dipole, which 
is made of two co-axial homogeneously charged non-conductive rings of almost equal radius r0 
and opposite charges Q. The negatively charged ring is immovable, whereas the positively 
charged ring rotates about a common axis of symmetry (the x-axis in Fig. 1) at the angular fre-
quency ω. Then one can easily show that, in general, both the velocity dependent component Ev 
(originated from the first term in rhs of eq. (1)) and acceleration dependent component Ea (the 
second term in rhs of eq. (1)) are not vanished separately in an arbitrary point {X,0,0}, belonging 
to the x-axis. However, the total electric field, representing the sum Ev+Ea, is equal to zero. 
Now let us consider the same rotating ring in Fig. 1 in pure bound field CED, where the 
charges do not radiate. This means that for such charges we have to cut off the field terms, which 
fall off slower than r-2: otherwise, the EM energy flux across any sphere with the radius r would 
reach a finite value at r→∞, which signifies a loss of the radiation energy. In addition, it is le-
gitimate to assume that the EM field in pure bound field CED coincides with the corresponding 
velocity-dependent field components in usual CED. With this assumption we come to wipe out 
the acceleration-dependent term in eq. (1) and obtain the following expressions for the electric 
Eb and magnetic Bb fields produced by the non-radiative charges: 
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(hereinafter we supply the quantities obtained within pure bound field CED by the subscript 
“b”). 
The difference of E in eq. (1) and Eb in eq. (2) does influence the solution of the problem 
in Fig. 1, and the x-component of the total electric field in the point {X,0,0} is no longer van-
ished, and equal to 
( ) ( ) 232022 2 rXQXE xtotal += β .     (4) 
However, this result does contradict the momentum conservation law. It is seen, when we put a 
charge q into the point {X,0,0}. The latter experiences the electric force 
( ) 232022 2 rXQXqFx += β ,      (5) 
whereas the reactive force, exerted on the magnetic dipole by the resting charge q, is equal to 
zero, were the standard Lorentz force law assumed. In general, the violation of Newton’s third 
law in EM interactions is not surprising due to a contribution of the momentum of EM field into 
the total momentum of system. However, the problem in Fig. 1 is stationary, where the EM mo-
mentum does not vary with time. Hence the violation of Newton’s third law in this case would 
be unphysical: in particular, if we imagine that the charge and magnetic dipole are fixed on a 
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common platform, then due to the force (5) the platform begins to accelerate along the x-axis 
without an external force. 
In order to avoid this situation, one needs to restore the equality of the action and reac-
tion. The simplest way to do this is to modify the Lorentz force law in pure bound field CED and 
to require that the electric force experienced by a charge in an external EM field, depends on a 
square of its velocity. In particular, if the velocity-dependent term for this force component is 
identical to that of eq. (2): 
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then the equality of action and reaction is restored for the problem in Fig. 1. Herein Eb is the ex-
ternal electric field at the location of a charge. 
 If one proceeds from the exact expression for the bound electric field of a moving charge 
q in the present time coordinates (Heaviside solution [1-3], which we want to keep in pure bound 
field CED) 
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a corresponding modification should be introduced into eq. (6), too, which thus reads 
( ) belb qf EF 2β= , ( ) ( )( ) 232222 sin11 −−−= ϑβββf .  (8) 
Herein ϑ  is the angle between the velocity v and the radius-vector r joining the present position 
of the charge q and the point of observation. 
 Further, it is natural to assume that the same modification in the force law should be 
made for the magnetic component, so that we obtain the total force in the form 
( ) ( )	
 ×+= bqbqb cqqf BvEF 2β ,     (9) 
where vq is the velocity of test charge, and βq=vq/c. 
In what follows, we will deal with a particular case, where the velocity of the charged 
particle v is orthogonal to the external electric field Eb, so that 2piϑ = . In this case ( ) qqf γβ =2  
( qγ  is the Lorentz factor for the test charge q), and the electric force component takes the form 
bqb qEF γ=
⊥
 (for bq Ev ⊥ ).      (10) 
Hence we can introduce the effective electric field bqef EE γ= , experienced by a charge with the 
forbidden EM radiation, moving in the external electric field Eb to be orthogonal to its velocity. 
 
2’2. Field equations in pure bound field CED. - It is known that only the sum of bound and ra-
diative EM field components represents the solution of the inhomogeneous Maxwell equations. 
Our next task is to conjecture their modification in such a way, where the bound component sole-
ly would be the solution of the field equations. In this connection we remind that there still exists 
a particular case, where the non-homogeneous Maxwell equations are implemented for bound 
EM field along, i.e. the case, where the source changes move at constant velocities. In this case 
the operator ( )∇⋅=
∂
∂
v
t
, where v is the constant velocity of source charge. Hence the Maxwell 
equations take the form as follows: 
piρ4=⋅∇ E , 0=⋅∇ B ,       (11a-b) 
( )BvE ∇⋅−=×∇
c
1
, ( )
cc
jEvB pi41 +∇⋅=×∇ ,    (11c-d) 
where ρ is the charge density, and j=ρv is the current density. Correspondingly, the inhomogene-
ous wave equation for the vector potential 
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which is valid in common CED [1-3], is replaced by the equation 
( ) jAvA
cc
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2
2
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where     is the d’Alembert operator, and ∆ is the Laplacian. Eq. (13) can be also rewritten in the 
Poisson-like form [5] 
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transformation with the corresponding increments ',',' dzdydx  at 0'=dt ; here the primed quanti-
ties belong to the rest frame of source charge (where j=0). As known, eqs. (11a-d) and their im-
plication (14) yield the Heaviside solution (7) for EM field of moving charge. 
 In order to forbid the solutions with radiation component, we adopt that the equations 
(11) and (14) remain in force in pure bound field CED for an arbitrary velocity of source 
charges; we see no other way to withdraw the radiative EM field component without violation of 
the continuity equation and the Lorentz invariance of field equations. From the physical view-
point, our adoption signifies that in the pure bound field CED framework, the EM field of mov-
ing charge keeps the Heaviside form (7) at its arbitrary velocity.  
 The obtained field equations (11a-d) being complimented by the force law (9), provide a 
full description of the pure bound field CED. 
 
2’3. Energy balance equation and EM momentum in pure bound field CED. - In the standard 
CED, the EM energy flux density is defined through the Poynting theorem [1-4] 
0=⋅+⋅∇+∂∂ EjStu       (15) 
in the standard designations. 
Now we need to obtain the energy balance equation (analog of Poynting theorem in pure 
bound field CED), using eqs. (11a-d). We start our analysis with an isolated charged particle, 
moving with the constant velocity v in the frame of observation. The energy conservation law 
obviously leads for such a particle: 
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free space V. Due to the independence of v on spatial coordinates, we further write 
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and combining eqs. (16), (17), we obtain: 
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This equation exactly coincides with the continuity equation in the fluid mechanics and shows 
that in the present time coordinates EM field rigidly propagates with the source charged particle. 
The same result follows from the Heaviside expression (7) for EM field of isolated charge, and 
in a view of its known physical interpretation (e.g., [1-2]), it does not create any problems with 
respect to causal requirements of classical physics. We also notice that the obtained eq. (18) for 
an isolated charged particle is equivalent to eq. (15) (see, e.g. [6]), with the replacement ub→u in 
pure bound field CED. 
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Next we analyze the case of two interacting charges q1 and q2, moving with the velocities 
v1 and v2, which will be sufficient for our purposes. Due to the absence of EM radiation in pure 
bound field CED, we can choose a large enough spatial volume V enclosing these charges, where 
the energy flux across the boundary of V due to the bound EM fields becomes negligible. There-
fore, the total time derivative of EM energy of this system =
V
bEM dVuE  must be equal with the 
reverse sign to the change of kinetic energy of particles: 
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where we applied the force law (9), ( ) iiij q vrj δ=  (i=1, 2) is the current density for each particle, 
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 For fixed arbitrary (large) volume V, eq. (19) implies the equality 
( ) ( ) 012222121 =⋅+⋅+ EjEj ββ ffdtdub , 
The EM energy density ub in the latter equation represents the function of 7 variables: ( )21,, rrtuub = , where r1, r2 are the present position vectors for each particle. Therefore, 
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Since the flow of EM energy for each particle obeys eq. (18), now we can determine the flow of 
interactional EM energy, which is the subject of our further interest: 
( ) ( ) ( )( ) ( )( )inbrinbrinbinb uut
u
dt
ud
21 21 vv ∇+∇+∂
∂
= ,   (21) 
where, according to eq. (20), ( ) ( ) ( )( ) piββ 421212221 bbbbinb ffu BBEE ⋅+⋅= . 
Let us consider the particular case v2=0, which is realized, for example, when the charged 
particle rotates about another charge with the infinite mass (one-body problem). Hence eq. (21) 
acquires the form 
( ) ( )( ) 01 =∇+∂∂ inbinb uvtu .      (22) 
This equation determines the interaction EM energy flux density as ( ) ( )inbinb uvS = . Then, by 
definition, the interaction EM momentum of the system is 
( ) ( ) 121122 11 vvSP c
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c
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c V
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where U in the total EM interaction energy, and we have taken into account that ( ) 122 =βf , and ( ) 121 γβ =f  for orthogonal v1 and E2. 
Now consider the hydrogenlike atom in the classical treatment of pure bound field CED 
and adopt that the mass of the proton M is finite. In the center-of-mass frame, both particles ro-
tate about their center of mass. Then the interaction EM momentum acquires the form 
( )MmMmEM
c
U
vvP += 2γγ .      (24) 
where vm, vM are the velocities of the electron and proton, correspondingly. 
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2’4. Motional equation for charged particles in pure bound field CED (one-body problem). - 
Now we are in the position of determining within pure bound field CED a motional equation for 
a charge e with a rest mass m, orbiting about a heavy host charge Ze with the mass M→∞, rest-
ing in the frame of observation. To handle this problem, we use the law of conservation of the 
total momentum 
constEMMm =++ PPP ,      (25) 
where Pm, PM are the mechanical momenta of the orbiting and the host particle respectively, and 
PEM is the interaction EM momentum. Denoting v the velocity of particle e, and using eq. (23), 
we obtain from eq. (25): 
dt
d
c
U
dt
d
m
dt
d MPvv −=+ 2
γγ ,      (26) 
where 
rZeU 2γγ −= .       (27) 
The rhs of eq. (26) represents the force acting on the host particle. For a circular motion of parti-
cle e, its velocity v is orthogonal to the line joining both particles at any moment of time. Hence 
according to the Heaviside expression, the electric field Eb of orbiting particle is equal to (see, 
eq. (7) for 2piϑ = ): 
3
reb rE γ= ,       (28) 
at the location of host particle (the origin of co-ordinates), where r being the radius of the orbit. 
Combining eqs. (26)-(28), we obtain 
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The equation of motion (29) written within pure bound field CED differs from the corre-
sponding equation for the one-body problem in usual CED in two points: 
- first, the rest mass m is replaced by  ( ) mbcUmmb =+= 2 , 
where we have introduced the factor 
21 mcUb += ; 
 - second, the interaction energy rZe2  becomes rZe2γ . 
This induces the introduction of the effective momentum of the particle e as ( ) vvP bmcUmb γγ =+= 2 ,      (30) 
which, in fact, incorporates both the mechanical and EM momenta into the single expression. 
The same expression for the momentum of bound particle has been introduced by the second au-
thor in [7, 8]. 
The Hamilton function of the system represents the sum of a kinetic energy and a poten-
tial energy (27). Hence  
r
Ze
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where Pb is defined by eq. (30). 
Now we apply a weak relativistic limit, where the terms of the order (v/c)k are ignored, if 
k>2. Expanding eq. (31) to the order (v/c)2, one gets: 
233
422
82 cbm
P
r
Ze
mb
PH bb −−= γ .     (32) 
Thus, the Hamilton function obtained for the bound charged particles in a weak relativis-
tic limit of pure bound field CED, does differ from the corresponding Hamilton function in usual 
CED (see, e.g. [1]) by the replacements  
mbm → , rZerZe 22 γ→ .      (33a-b) 
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In addition, we take into account that the electric field of the nucleus in the one-body 
problem is equal to eU−∇=E , and eq. (33b) implies one more replacement 
EE γ→ .           (33c) 
We again emphasize that the appearance of the replacements (33a-c) is induced by the require-
ments of energy-momentum conservation in the absence of radiative EM field component. Our 
principal idea is to extend eqs. (33) to quantum bound systems in the stationary energy states, 
that guarantees the implementation of energy-momentum conservation for such systems in the 
absence of EM radiation. 
 
3. - Quantum one-body problem 
 
In the quantum domain, the inhomogeneous wave equation (12) is commonly adopted as the 
counterpart to the classical field equations, where 
∧
A  is understood as operator, and the current 
density j is appropriately re-defined (see, e.g. [9]). However, like in the classical case, this equa-
tion is implemented only for the sum of the bound and radiating components of the vector poten-
tials. This means that for the total vector potential fb
∧∧∧
+= AAA  (where the subscripts “b” and “f” 
denote bound and radiating components of the vector potential, correspondingly), in general†, 
jA
c
b
pi4
−≠
∧
,     jA
c
f
pi4
−≠
∧
. 
Therefore, eq. (12) is not applicable to quantum systems of bound charges with the prohibited 
radiation, where b
∧∧
= AA . It seems surprising that, to our recollection, this fact was not com-
mented before, and now we assert, as the novel postulate, that for bound non-radiating charges 
eq. (12) must be replaced by eq. (14) (where A again represents the operator). Hence the classical 
system, represented by non-radiating interacting charges and described by the pure bound field 
CED, is exhibited as an actual classical analog of quantum bound charges, which do not radiate 
in stationary energy states. 
 As we have seen above, the elimination of radiative EM field for the system of interact-
ing classical charges implies the appropriate modifications in the Hamiltonian (expressed by eqs. 
(33)), which aim to secure the total energy-momentum conservation law in the absence of EM 
radiation. The eqs. (33) give the simple rules for the introduction of the appropriate modifica-
tions in quantum mechanical equations for bound non-radiating charges. Of course, such modifi-
cations anyway represent a postulate, and only the experiments can validate its correctness. 
The replacements similar to (33) can be directly introduced into the Dirac equation in the 
standard representation (see, e.g., [9, 11]) with a corresponding modification of its solution. 
However, the approach based on perturbation theory occurs more illustrative for better under-
standing of physical implications induced by pure bound field theory. In addition, such an ap-
proach becomes fruitful for further introduction of corresponding corrections to the atomic en-
ergy levels, discussed in the part 2 of the paper. 
Thus we start with the Dirac equation (e.g. [11]) for the electron bound in the external 
EM field (when its total energy E<mc2), introducing the quantum counterparts of the replace-
ments (33): 
ψγβψ 

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†
 The decomposition of the four-potential into bound and radiating components has been achieved in ref. [10]. We 
also remind that the homogeneous Maxwell equations can be implemented separately for bound and radiating EM 
field components, i.e.     0=bA ,     0=fA . 
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momentum, bA  is the vector potential, σ is the Pauli matrix, and bn, γn are some coefficients, 
which represent quantum analogs of corresponding classical factors b, γ. Thus these coefficients 
are aimed to reflect the non-radiative nature of E M field of bound electron within the total mo-
mentum conservation constraint and their divergence from unity has the order of magnitude 
(Zα)2 and higher. Hence their introduction in the Dirac equation does not affect the gross struc-
ture of the energy levels, characterized by the principal quantum number n. These coefficients, 
being constant for any fixed energy level, provide the Lorentz-invariance and other symmetries 
of relativistic quantum mechanics, when the non-relativistic limit is no longer assumed. We will 
see below that the coefficients bn, γn are different in each stationary energy state, and for conven-
ience we supply them by the subscript “n”. 
 Further, we imply the presence of electric field only, putting A=0. In addition, for a sta-
tionary energy state we replace the operator ti ∂∂  by the energy E of this state. Then for the 
functions ϕ, χ we obtain the system of equations as follows: 
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 In order to derive the equation analogous to the Schrödinger equation in the weak relativ-
istic limit, we introduce the function ψ, for which the integral  dV
2ψ  over the entire space 
does not depend on time. The relationship between the functions ψ and ϕ (see, e.g., [11]) modi-
fied due to the substitution (33a) takes the form 
ϕψ








+=
∧
222
2
8
1
cbm n
bP
.      (36) 
Substituting eq. (36) into eq. (35), and implementing the straightforward calculations 
(see, e.g., [11]), we present the equation for the function ψ in the Schrödinger form ψψ EH =  
with the Hamiltonian 
( ) ( )bn
n
bbn
nn
b
n
n
b
cbm
e
cbm
e
cbm
P
r
Ze
mb
PH EPEs γγγ ⋅∇−×⋅−−−=
222
2
222233
422
8282

, (37) 
where s  is the operator of spin. 
The first three terms of this operator represent a quantum counterpart of the Hamilton 
function (32), the fourth term describes the spin-orbit interaction, while the last term replies to 
the contact interaction. In this equation we leave out only the terms, which contain the correc-
tions of pure bound field theory at least to the order (v/c)-4, as far as the corrections to the higher 
order (v/c)-6 are insignificant at the present measuring accuracy in the atomic physics. 
A corresponding Dirac-Coulomb equation acquires the form ( ) ( ) ( ) ( )ϕϑψϕϑψγγγ ,,,,
8282 222
2
222233
422
rr
EPEs W
cbm
e
cbm
e
cbm
P
r
Ze
mb
P
n
bn
n
bbn
n
b
n
n
b
=







⋅∇
−
×⋅
−−−

,  (38) 
where ϕϑ,  being the polar and azimuthal angles, correspondingly. 
 In order to solve eq. (38), we apply the substitution 
nnb' γrr = ,        (39) 
which allows us to rewrite eq. (38) in the convenient form 
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( ) ( ) ( )ϕϑψϕϑψ ,,',,)(0 'W''V'H rrrr =

	




+
∧∧
,    (40) 
where 
'2
)(
22
'
2
0
r
Ze
m
'H r −∇−=
∧ 
r  is the conventional non-relativistic Schrödinger operator, ex-
pressed via 'r -coordinates, whereas 
( ) ( )
( ) ( ) ( )( )












⋅∇
−






×⋅
−−=
∧∧
∧
∧
22
'
2
2223
4
4
8
'
2
''
8
'
cm
e
cm
e
cm
pb'V nr
bn
b
nn
rE
rprEs
r
r
γγγ 

  (41) 
is the perturbation, and 2' nnbWW γ= . Transforming eq. (38) into eq. (41), we used the equali-
ties 
'rnbr b ∇=∇ γ , ( ) ( )'22 rErE nnb γ= . 
Thus, applying the approach of perturbation theory, we first observe that the standard 
Schrödinger equation 
( ) ( )ϕϑψϕϑψ ,,',,
'2
22
'
2
r'r' W
r
Ze
m
r
=







−
∇
−

 
gives the known solution for the stationary energy levels 
22
42 1
2
'
n
emZW n ⋅−=

, 
as well as the standard Schrödinger–Coulomb wave function ( )ϕϑψ ,,'n r  for the hydrogenlike 
atom. Hence we can apply the known relationships [12]: 
( ) 222
___
2
ncZvn α= , ( ) mcnZr n 2__'1 α= , 
and determine the factors bn, γn as follows: 
( )( ) 2/1222/1____2 11 −− −=








−= nZnn αβγ , ( ) 22
__
2
2
111 nZr
mc
Zeb nn α−=





−=  (42a-b) 
for each stationary energy state n. Hence we arrive at the equality 
12 =nnb γ ,        (43) 
at least to the order (Zα)2. 
In a view of eq. (43), we get WW =' , while the operator of perturbation becomes 
   
( ) ( )
( ) ( ) ( )( )












⋅∇
−






×⋅
−−=
∧∧
∧
∧
22
'
2
2223
4
2
8
'
2
''
8
'
cm
e
cm
e
cm
p
'V r
b
b
n
rE
rprEs
r
r


γ . (44) 
Taking also into account that the perturbation term (44) itself has the order of magnitude (Zα)4, 
we conclude that our corrections to this term, expressed via the coefficient γn (42a), appear at 
least in the order (Zα)6. Hence it is seen that eq. (40) yields the same gross and also fine structure 
for the atomic energy levels of light hydrogenic atoms, like in the common approach, i.e. the en-
ergy of perturbation is expressed by the common equation 
( ) ( ) 





−
+
−=∆
njn
ZmcW
nb 4
3
21
1
2 3
42 α
    (45) 
in the standard designations. 
 Concerning the non-relativistic wave function, we point out that it acquires the standard 
Schrödinger form in the 'r -coordinates, related to the laboratory coordinates r by eq. (39). Thus, 
due to normalization requirement induced by the scaling transformation (39), 
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( ) ( )ϕϑψγϕϑψ ,,,, 2323 'b nn rr = .     (46) 
 In what follows, we name the theory, which explicitly takes into account the non-
radiative nature of EM field of bound charges in stationary energy states, as Pure Bound Field 
Theory (PBFT), and in the next section we analyze the two-body problem within our approach. 
 
4. - Motional equation for bound charged particles (two-body problem) 
and the structure of energy levels of hydrogenic atoms 
 
In this section we consider the hydrogenlike atom with the finite mass M of the nucleus. Consid-
ering first the classical case, we substitute into eq. (25) the EM momentum according to eq. (24). 
Hence the classical motional equation acquires the form 
( ) ( ) MmMmMm vcUMdtdvcUmdtd 22 γγγγ +−=+ ,  (47) 
where the EM interaction energy takes the form 
( ) ⋅+⋅=
V
MmMm dVU BBEEpi4
1
.     (48) 
The equation (47) allows introducing the effective momenta ( ) mMmbm cUm vP 2γγ += , ( ) MmMbM cUM vP 2γγ += ,  (49a-b) 
effective masses ( ) mMb mbmcUmm =+= 21 γ , ( ) Mmb MbMcUMM =+= 21 γ  (50a-b) 
and effective interaction energy 
Ub=γmnγMnU        (50c) 
of both particles. Herein we have introduced the quantities 






+= 21
mc
Ub Mm
γ
, 





+= 21 Mc
Ub mM
γ
, ( ) 2/1221 −−= cvmmγ , ( ) 2/1221 −−= cvMMγ . (51a-d) 
Introducing the reduced velocity vR for the two-body problem, eqs. (51c-d) can be also presented 
in the form 
( )
2/1
2
2
2
2
1
−








+
−=
Mm
M
c
vR
mγ , ( )
2/1
2
2
2
2
1
−








+
−=
Mm
m
c
vR
Mγ .   (51e-f) 
Then the Hamilton function, written in the weak relativistic limit, becomes 
r
Zq
bM
P
bm
P
Mb
P
mb
PH Mm
M
bM
m
bm
M
bM
m
bm
2
33
4
33
422
8822
γγ−+++= , with bMbm PP −= . 
Acting in the same way, like in the previous section, we have to introduce the appropriate 
modifications in corresponding quantum mechanical equations.  
The approach based on the Dirac equation is not directly applicable to the two-particle 
case, where we should address either to the Bethe-Salpeter equation, or the Breit equation with-
out external field [9], or to their modifications. Though the Breit equation is not fully Lorentz-
invariant and represents an approximation, it is the most convenient and illustrative for the 
analysis of PBFT corrections, resulting due to the replacements (51a-f). Such a re-postulated 
Breit equation for the Schrödinger-like wave function ( )rψ  takes the form 
( ) ( ) ( )rrrpp ψψγγ WU
cbM
p
cbm
p
r
Ze
Mb
p
mb
p
bMbmb
Mn
b
mn
b
Mnmn
mn
b
mn
b
=

	




+−−−+ ,,
8822 233
2
233
4222
,  (52) 
where W is the energy, and the term ( )rpp ,, bMbmbU  is equal to 
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( ) ( ) ( )
( ) ( ) ( ) ( )( )
( )( ) ( ) .
3
83
4

2

4

4
2
11
2
,,
332
2
32
2
3222
2
3222
2
2
2
22222
22


	




⋅−
⋅⋅
−
⋅
+⋅×−⋅×−⋅×+⋅×
−




 ⋅⋅
+⋅−








+−=
r
rr
prprprpr
pprrpprrpp
δpiγγ
γγγγγγ
δpi
Mm
MmMm
Mnmn
Mnmn
mbMMbm
Mnmn
Mnmn
MbM
Mn
Mnmn
mbm
mn
Mnmn
bMbm
bMbm
MnmnMnmn
bMbmb
rrmMcbb
Ze
rmMcbb
Ze
rcMb
Ze
rcmb
Ze
rmMrbb
Ze
Mbmbc
ZeU



 
(53) 
We point out that without the introduced PBFT factors bmn, bMn, γmn and γMn, eq. (52) ac-
quires its common form [11]. Thus the presence of these factors in eq. (52) determines the PBFT 
corrections to the Dirac-recoil contribution and spin-spin interval. 
In order to solve eq. (52), it is convenient to apply the substitution 
( )MnmnMnmnbb' γγrr =
,      (54) 
which allows us to present the Hamiltonian in eq. (52) as the sum of Schrödinger-like term and 
perturbation. Indeed, taking into account that 222222222 r'MnmnMnmnrb bbp ∇−=∇−=  γγ , we trans-
form eq. (52) as follows: 
( )
( ) ( )'''
',,
88
1
22
233
2
233
4
22
22222
rr
rpp
ψψ
γγ
W
U
cbM
p
cbm
p
bb
r'
Ze
M
b
m
b
bMbmb
Mn
b
mn
b
MnmnMnmn
mnr'Mnr'
=






	




















+−−
+−
∇
−
∇
−

, (55) 
where 
( )22' MnmnMnmnbbWW γγ= .      (56) 
The obtained eq. (55) completed by the expressions (53), (54) and (56), represents the ba-
sic equation for the quantum two-body problem within the framework of PBFT. Here one should 
recall that eq. (55) itself, like the source Breit equation, is semi-relativistic, and it is valid to the 
order (Zα)4. At the same time, the factors bmn, bMn, γmn and γMn, being explicitly determined to the 
orders (Zα)2 and (Zα)4 (see below), allow us to analyze the specific PBFT corrections to the or-
der (Zα)6, which correspond to the scale of hyperfine interactions. The determination of these 
corrections is the next goal of our analysis, but, first of all, let us show that eq. (55) yields the 
same gross and fine structure of the atomic energy levels, as the one furnished by the common 
approach. 
In the zeroth approximation, when the terms of order (v/c)2 and higher are ignored, we get 
from eq. (55) the Schrödinger equation expressed in 'r -coordinates: 
( ) ( ),''
2
222
rr ψψ W
r'
Ze
mR
r'
=





−
∇
−

 
where ( )MmmMmR +=  is the reduced mass. Hence we obtain the well-known solution 
( )
2
22
0 2n
ZcmW Rn
α
−= , 
along with the common Schrödinger wave function expressed via 'r -coordinates. This result al-
lows us to obtain the coefficients bmn, bMn, γmn, γMn at least to the order (Zα)2, based on their re-
spective classical limits (51a-f), taking into account the known relationships (e.g. [12]): 
( )
mM
M
n
Z
mM
M
cmr
Ze
mcr
Ze
mc
U
2
R
__
2
2
__
2
2
__
+
−=
+
−=−= 2
2α
,   (57a) 
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( )
mM
m
n
Z
mM
m
cmr
Ze
Mcr
Ze
Mc
U
2
R
__
2
2
__
2
2
__
+
−=
+
−=−= 2
2α
,  (57b) 
( )
( )
( )2
2
2
2
2
2
2
___
2
___
2
mM
M
n
Z
mM
M
c
v
c
v R
2
m
+
=
+
=
α
, ( )
( )
( )2
2
2
2
2
2
2
___
2
___
2
mM
m
n
Z
mM
m
c
v
c
v R
2
M
+
=
+
=
α
. (57c-d) 
Hence, via the comparison of eqs. (57a-d) with eqs. (51a-b, e-f), we obtain the factors bmn, bMn, 
γmn, γMn  to the accuracy (Zα)2 as follows: 
( )








+
−=
mM
M
n
Zbmn 2
2
1 α , ( ) 






+
−=
mM
m
n
ZbMn 2
2
1 α ,  (58a-b) 
( )
( )
2/1
2
2
2
2
1
−


	




+
−=
Mm
M
n
Z
mn
αγ , ( ) ( )
2/1
2
2
2
2
1
−


	




+
−=
Mm
m
n
Z
Mn
αγ . (58c-d) 
Further on, using eqs. (58a-d), we derive the product 
( )
( )22
2
22 21
mM
mM
n
Zbb MnmnMnmn
+
−=
αγγ     (59) 
to the accuracy of calculations (Zα)2. 
Applying equations (58), (59), as well as the equality [11]  
( ) 22222___2 2 nZcm
r
ZeWmp R
_____________
onR α=





+= ,     (60) 
we find that to the accuracy of calculations (Zα)4, 
( ) ( ) ( ) W
m
r'p
bb
W
M
br'p
m
br'p
MnmnMnmn
mnbMnb
−=−+
222
2
22
22
γγ
.  (61) 
Substituting this equality into eq. (55), and ignoring the PBFT factors bmn, bMn, γmn, γMn in the 
terms of the order (Zα)4, we obtain: 
( ) ( ) ( )''',,
882 23
4
23
4222
rrrpp ψψ WU
cM
p
cm
p
r'
Ze
m
Mm
R
r'
=



	














+−−+−
∇
−

,(62) 
where the term ( )',, rpp MmU  differs from the term ( )',, rpp MmbU  in eq. (55) by the omission of 
PBFT factors bmn, bMn, γmn, γMn. 
 Excluding further the spin-spin interaction in the expression for ( )',, rpp MmU  (last term 
in the rhs of eq. (53)), we arrive at the common solution for the Dirac-Recoil (DR) contribution 
to the energy levels, written to the order ( )4αZ  [11]: 
( ) ( )[ ] ( ) ( )[ ] 




−
+
−−=
22 1
2
1 jn,f
Mm
mjn,fcmW RRnljDRb ,  (63) 
where  ( ) ( ) ( ) 





−
+
−−≈
njn
Z
n
Zjn,f
4
3
21
1
22
1 3
4
2
2 αα
, and j is the quantum number of total angular 
momentum (j=l+s, l is the angular momentum, and s the electron’s spin). 
 Thus the corrections of PBFT to the Dirac-recoil contribution may emerge at least in the 
order (Zα)6, which corresponds to hyperfine interactions, and which will be determined in the 
part 2 of this paper. 
 
5. - Hyperfine splitting of energy levels due to spin-spin interaction  
in hydrogen and heavier atoms 
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Now we show that the corrections to the term of spin-spin interaction ( )bHFSW  within PBFT are 
well below the present experimental uncertainty. 
 First we analyze the contribution of spin-spin interaction into the Breit potential, which in 
PBFT has the form 
( )( ) ( )( ) ( )





−
⋅⋅
−
⋅
=
−
r
rr
r δpiγγ
γγ 3
83
4 5322 rrcMbmb
hZe
bb
1V MmMm2
Mnmn
Mnmn
22
MnmnMnmn
ssb  (64) 
(the last term of eq. (53)). Being expressed via r'-coordinates, this operator reads: 
( )( ) ( )( ) ( )





−
⋅⋅
−
⋅
=
−
'
3
83
4
22
r
rr
r δpiγγ 5 Mm3 Mm2
22
MnmnMnmnssb
r'
''
r'mMc
hebb'V , (65) 
where we have used eq. (54) and the relationship ( ) ( )'3333 rr δγγδ MnmnMnmn bb= . Designating  
( )( ) ( )( ) ( )





−
⋅⋅
−
⋅
=
−
'
3
8''3
4
' 532
22
r
rr
r δpi
r'r'mMc
heV MmMmss  
(the common Hamiltonian of spin-spin interaction expressed via 'r -coordinates), and using eq. 
(59), we obtain 
( )( ) ( ) ( ) ( )( ) ssssb VmM
mM
n
ZV
−
− 







+
−= '
21' 22
2
rr
α
.    (66a) 
 This relationship is also valid for the energy of spin-spin interaction, obtained via the av-
eraging of operators ( )( )
ssbV −'r  and ( )( ) ssV −'r  with the wave function ( )r'ψ : 
( ) ( ) ( ) ssssb WmM
mM
n
ZW
−
− 







+
−= 22
2 21 α .     (66b) 
Thus the term 
( ) ( ) ( ) ssssb WmM
mM
n
ZW
−
−
+
−= 22
2 2αδ      (67) 
determines the PBFT correction to hyperfine splitting.  
For the 1S state of hydrogen, the term ( ) ssWmM
mM
−
+ 2
2 2α  of eq. (67) itself is less than 
100 Hz (where we have used the measured value ssW − =1 420 405.751 768(1) kHz [13]) and is 
many times smaller than the nuclear-structure corrections to the 1S hyperfine splitting, which 
vary from tens to hundreds kHz [14-16]. Thus for hydrogen the PBFT correction to spin-spin 
splitting occurs negligible, and we put 
( ) HH ssssb WW −− = .       (68) 
within the range of the present uncertainty in calculation of HssW − . 
 For heavier atoms, the PBFT correction (67) becomes smaller, whereas the nuclear struc-
ture effects are larger. Hence the correction (67) can be well ignored for all such atoms, too. 
 The case of leptonic atoms occurs more complicated, and it will be analyzed separately in 
the part 2 of the present paper. 
 
6. - Discussion 
 
Thus, the qualitative difference between classical and quantum systems of bound charged parti-
cles with respect to their ability to emit electromagnetic radiation, makes a transition from the 
classical to quantum description of such systems more complicated than it was originally con-
ceived. Our principal assertion is that the Hamilton function written for interacting classical 
charges should be modified before constructing a corresponding Hamiltonian for wave-like 
 15 
bound particles. This assertion is closely related to the non-applicability of the non-homogeneous 
wave equation (12) to quantum bound systems and to the requirement of energy-momentum con-
servation for such systems, when their EM radiation is forbidden. Hence a logically non-
contradictory transition from classical to quantum description of bound charges should proceed 
from the classical Hamilton function to its quantum counterpart, where both bear a common fun-
damental structure of EM field, consisting of only the bound field component (eq. (14)). In order 
to describe such a transition at the mathematical level, we have developed a pure bound field 
CED, where the motion of charges is described in a classical way, but their EM radiation is for-
bidden. The Hamilton function written within such a pure bound field CED differs from the con-
ventional Hamilton function in standard CED in two points: the rest masses m and M of two in-
teracting particles are replaced by the effective rest mass parameters m+γMU/c2, M+γmU/c2, cor-
respondingly, and the interaction energy is replaced by γmγMU. The appearance of the Lorentz 
factors γm and γM in these expressions reflects the dynamics of particles in pure bound field CED 
under the energy-momentum conservation constraint. 
The introduction of the masses mb and Mb into the corresponding Hamilton operator with 
the accompanied replacement U→γmγMU, leads us to the modified Dirac-Coulomb equation for 
the quantum one-body problem, and to the modified Breit equation without external field for the 
quantum two-body problem, giving the results as follows: 
- the gross structure of the hydrogenlike atoms is not influenced by PBFT, because the 
PBFT corrections to the equations of atomic physics have the order of magnitude (Zα)2 
and they cannot affect the gross structure by definition; 
- the Dirac-recoil contribution to the energy levels also coincides with the corresponding 
expression in the standard theory, at least to the order of magnitude ( )4αZ , eq. (63); 
- the PBFT correction to the hyperfine spin-spin interaction for the hydrogen and heavier 
atoms (67) occurs much less that the present calculation uncertainty and thus can be ig-
nored. 
This is an important step of validation of PBFT, giving the required coincidence of the 
fine structure and spin-spin interaction with well-proved experimental data. 
We emphasize that the results listed above have been obtained with the scaling transfor-
mation (54), which can be interpreted as the increase of form-factors for hydrogenic atoms by 
MnmnMnmnbb γγ  times in comparison with the commonly adopted value. In the classical analogy, 
this effect is explained by the reduction of the effective rest masses of orbiting particles by bm 
and bM times, correspondingly (see eq. (50)), that causes an increase of the radius of their orbits. 
In the part 2 we will further explore the physical meaning of the transformation (54) and its im-
plications. At the same, one should take into account that the product MnmnMnmnbb γγ  differs from 
unity in the order ( )2αZ  and higher, which is well below of the present experimental uncertainty 
in the measurement of form-factors for light hydrogenic atoms. 
Further, it would be fair to bring up that this work is initiated based on an idea of the sec-
ond author that the rest mass of any object bound to a given field should be decreased as much as 
the mass equivalent of the “static binding energy” coming into play (and this, for classical parti-
cles, already at rest) [7, 8]. However, a detailed discussion of this idea falls outside the scope of 
the present contribution. 
As a final remark, it is worth to emphasize that the purely bound field CED was con-
ceived along with a single purpose: using standard quantization scheme, to take explicitly into 
account a modification of EM field of charged particle in bound quantum state. Thus, such a 
bound field theory is not a substitution for the conventional CED and hence does not imply any 
change of the recognized limits of CED applicability. Rather our goal is to introduce into the 
Hamiltonian the appropriate corrections, which reflect a non-radiative nature of EM fields of 
bound wave-like particles. 
In the part 2 of the paper we will show that PBFT evokes significant corrections to the 
energy levels computed within QED at the range of hyperfine contributions to the atomic energy 
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levels. As an important outcome, we will remove the long-standing discrepancies between theory 
and experiment in physics of light hydrogenic atoms: 1S-2S interval for positronium, hyperfine 
spin-spin splitting of 1S level in positronium, classic Lamb shift and the ground state Lamb shift 
in the hydrogen. In particular, we will show that the proton charge radius derived within the 
PBFT framework, is in a perfect agreement with the result of its latest (and the most precise) 
measurement via the 2S-2P Lamb shift in muonic hydrogen [17]. 
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Fig. 1. Interaction of the magnetic dipole µ and the charge q, located on the axis of the dipole. 
 
 
 
 
 
